INTRODUCTION
============

Diabetes is defined as a chronic metabolic disorder characterized by a dysfunction in insulin secretion and/or insulin action, also known as hyperglycemia, and is divided into type 1 diabetes mellitus, type 2 diabetes mellitus (T2DM), and gestational diabetes mellitus (GDM) \[[@B1]\]. GDM is a common complication of pregnancy \[[@B2]\], occurring in approximately 7% of all pregnancies while based on other study subjects and the different diagnostic criteria, the prevalence range of various ethnic populations was reported to be between 1% and 14% \[[@B3]\], and that number steadily increasing \[[@B4],[@B5]\]. Additionally, the prevalence of GDM is similar in Korea as in other countries (approximately 2% to 3%) \[[@B5]\]; moreover, when the diagnostic criteria were updated, a 4% increase in the prevalence was reported \[[@B6]\]. In some women with GDM, impaired glucose tolerance persists even after delivery, or they are diagnosed with diabetes. Although women with GDM return to normal glucose level after delivery, many of these women may develop diabetes later in life. The prevalence of diabetes at postpartum has been reported variously and increases significantly within five years after delivery for women previously diagnosed with GDM. During follow-up in previous studies, up to 70% of women with GDM developed T2DM \[[@B7],[@B8]\].

T2DM is a major risk factor for cardiovascular disease (CVD), and a recent study has shown that it is the largest cause of death in diabetes patients \[[@B9]\]. Additionally, women who had GDM, even after returning to normal blood glucose levels after delivery, are at greater risk for developing abnormal vascular function \[[@B10]\]. As compared to diabetes patients who have no history of GDM, the incidence of chronic diabetes complications is high in those with a GDM history, especially the mortality rate due to cardiovascular complications \[[@B11]\]. Thus, it is very important to manage and reduce complications early in women with a history of GDM who are at high risk of developing diabetes and CVD. The risk factors for GDM and T2DM are similar - environmental factors such as diet, exercise, and smoking, all considered to be significant. Dietary factors that induce obesity, especially the consumption of saturated fatty acids were reported to be strongly linked with insulin resistance and CVD \[[@B12],[@B13]\].

Studies on Korean GDM patients were performed to determine dietary factors that affect the pathogenesis of GDM \[[@B14]\] and an effective diet for glycemic control during pregnancy \[[@B15]\] and/or to describe the progression of GDM itself. However, there are very few studies which observe the types of meals consumed after delivery. Because GDM is considered to put patients at high risk for T2DM and CVD, studies on dietary habits after delivery are considered to be very important and may help in the prevention and management of further progression to T2DM.

In this study, blood tests were performed 6 to 12 weeks after delivery. Based on the blood glucose results, patients were separated into groups: a normal glucose tolerance (NGT) group, a pre-diabetes group, and a diabetes mellitus (DM) group. After separating participants into their respective groups, eating habits and dietary intake were compared. In order to give direction to preventing T2DM and CVD, we observed difference of diet among three groups.

METHODS
=======

Subjects
--------

At Cheil General Hospital, Kwandong University College of Medicine, 196 women diagnosed with GDM between February 2008 and September 2009 were observed at 6 to 12 weeks after delivery for post-gestational diabetes management. Among those diagnosed with GDM, those who were diagnosed 24 weeks prior to pregnancy, did not agree to the terms of the study and those who had given birth to twins were excluded from the study, resulting in a total of 184 surveyed patients who participated in this study. A diagnosis of GDM was utilizing two step procedure, screening test and diagnostic test with Carpenter & Coustan method \[[@B1]\]. Dietary education for diabetes management was provided to all study subjects. Additionally, at the 6 to 12 weeks after delivery, a 75 g oral glucose tolerance test (OGTT) was performed on each woman. Based on the criteria provided by the American Diabetes Association (ADA) \[[@B16]\], participants were classified as follows: NGT, impaired fasting glucose (IFG), impaired glucose tolerance (IGT) and combined symptoms of IFG/IGT and DM. This study separated the patients into three groups: the NGT group, the pre-diabetes group included the IFG, IGT and IFG+IGT, and the DM group. For our study, there were 100 patients in the NGT group, 73 patients in the pre-diabetes group, and 11 in the DM group. This study was approved by the Cheil General Hospital Institutional Review Board, and all participants provided written consent.

Nutritional education and recommended daily allowance
-----------------------------------------------------

After being diagnosed with GDM, all participants received a three-phase education regarding dietary management. Phase 1 of the education was administered individually at the diagnosis of GDM and focused on calculating the required daily calories. After the education, meal record papers were provided. Phase 2 of the education was performed two weeks after the phase 1 education. The meal record was reviewed in order to correct improper dietary intake in the previously planned diet. Phase 3 of the education was administered during the hospitalization after delivery, that the education from phase 1 was reviewed. The food exchange list from the Korean Diabetes Association and life-size food models (Korea Mirage model) were used to educate the participants. In order to calculate the required caloric intake, a standard body mass index (BMI) was used. Considering the subjects were in the recovery of delivery, obesity was not taken into account and all activities of daily life were considered as light activities. The amount of calories required for breastfeeding is 320 kcal per day \[[@B17]\]. Therefore, that amount was added to the meal plan for those patients who were breastfeeding; no additional calories were added for those subjects who were not breastfeeding. The caloric intake required by breastfeeding women after delivery is set by the following formula \[[@B18]\]:

Estimated energy requirement during breastfeeding (kcal)=height (m^2^)×21×30+320

Additionally, in order to use the same ratio of carbohydrates, proteins, and lipids consumed during the gestational diabetes treatment period, meals were composed using a 50:20:30 ratio \[[@B15]\], and consumptions of high fat meat and fish and simple sugars were restricted. The benefits of proper exercise and weight management were also mentioned. At 6 to 12 weeks after delivery, eating habits and food intakes were investigated, and blood tests were performed.

Survey information
------------------

Using a questionnaire, general information and diet were investigated. General information included age, height, weight before pregnancy, weight at delivery, difference between before and after pregnancy weight, BMI prior to pregnancy, whether patients were breastfeeding, intensity of activity, household income, family history, insulin use during pregnancy and parity. Dietary habits after delivery until readmission for check-up were surveyed, including the number of meals per day, whether or not breakfast was consumed, the regularity of meal time, the time taken to consume a meal, whether patients overate, frequency of meals eaten at restaurants, main foods eaten when patients dined out, the number of grains, fish, vegetables and high fat foods consumed, average number of snacks consumed, types of foods consumed as snacks, as well as the amounts of sweets, salty foods, high fat meat and fish and instant foods consumed except for main foods eaten when patients dined out, all items in the questionnaire were scored in order to compare the study groups. Good eating habits received a score of 3, moderate eating habits received a score of 2, and poor eating habits received a score of 1. The sums for each group were calculated. A dietician surveyed the usual daily food intake by a 24 hour-recall method using pictures of food to help patients recall before their check-up day. The CAN Pro 3.0 (Computer Aided Nutritional Analysis Program, version 3.0; Korean Nutrition Society, Seoul, Korea) was used to analyze dietary information, such as calories and nutrients in the foods consumed.

Blood tests were performed during the diagnosis of GDM and again 6 to 12 weeks after delivery. The blood test performed 6 to 12 weeks after delivery included measures for a 2-hour postprandial blood glucose, glycated hemoglobin (HbA1c), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglycerides (TG), high-sensitive C-reactive protein (hs-CRP), C-peptide, systolic blood pressure (SBP), and diastolic blood pressure (DBP). During diagnosis of GDM, the blood test included all of the above plus 1 hour blood glucose, 3 hour blood glucose, body weight 6 to 12 weeks after delivery, BMI and body fat percentage.

Statistical analysis
--------------------

The SAS program version 9.1 (SAS Institute, Cary, NC, USA) was used for data processing. Those who responded to the survey were separated into three groups: NGT, pre-diabetes, and DM groups. The differences among the three groups were compared, and the median and interquartile range (IQR) of all items were calculated. In order to investigate the statistical significance among the three groups, the Kruskal-Wallis non-parametric test was used for variables with irregular distribution. In order to compare the dietary habits of subjects, a chi-square test was used for the differences in frequency. Results with *P* values less than 0.05 were considered to be statistically significant.

RESULTS
=======

General information and survey of dietary habits
------------------------------------------------

After women with GDM gave birth, the subsequent management percentage was 67.8%. The distribution of postpartum patients with GDM was 52.5% in the NGT group, 39.3% in the pre-diabetes group, and 8.2% in the DM group. The general characteristics of the study participants ([Table 1](#T1){ref-type="table"}) showed that there was a significant difference in body weight and BMI prior to pregnancy among the three groups (*P*\<0.05). About whether to use insulin, 72.7% of patients in DM group, 31.5% of patients in the pre-diabetes group and only 17.0% of patients in the NGT group reported using insulin. As blood glucose levels increased after delivery among patients who had received treatment for GDM, a significant increase in the use of insulin was observed (*P*\<0.001). Other factors, including age, height, weight at delivery, weight gain during pregnancy, breastfeeding status, physical activity, income, family history and fertility, were not significantly different among the groups.

Seventeen items from the diets of subjects 6 to 12 weeks after delivery were investigated, but there were no significant differences among groups. The dietary score and the fat score from the questionnaire totals did not show any significant differences. Based on the survey responses, results of scores regarding the number of meals consumed per day, regularity, overeating, amount of fatty foods, foods containing simple sugars, salty foods, foods high in cholesterol, instant foods and processed foods consumed, were shown in [Table 2](#T2){ref-type="table"}.

Comparison of amounts consumed during meals
-------------------------------------------

The results for the dietary intake of each group are presented in [Table 3](#T3){ref-type="table"}. Groups of higher blood glucose were consumed animal fat more and there was a significant difference in the increase among the three groups (*P*\<0.05). Other than animal fats, no other nutrient intakes showed a significant difference among the three groups. Protein, calcium and iron from foods were separated by whether they were from vegetables or animal products and were then compared. However, the results from this comparison were not statistically significant.

In order to investigate the frequency of proper dietary practices in the study subjects, total calories consumed from protein, lipids, carbohydrates and sugars were transformed to percentages and then compared individually to the recommended daily intakes taught during the educational period ([Table 4](#T4){ref-type="table"}). The increase in caloric intake from fats was higher, but the decrease in caloric intake from carbohydrates was higher in DM group (*P*\<0.05). The protein intake of all groups was less than 20% of total caloric intake, which is recommended to consume, and there was no significant difference among the three groups. The number of participants who exceeded the recommended amounts of total lipids, animal fat and cholesterol in each study group was determined ([Table 5](#T5){ref-type="table"}). Recommended allowance is less than 25% consumption of lipids, 300 mg of cholesterol and median value of animal fat \[[@B19]\]. In lipids and animal fat consumption, there was a statistically significant difference among the study groups (*P*\<0.05); however, the difference in cholesterol consumption was not significant.

Comparison of blood test results at diagnosis in patients with gestational diabetes
-----------------------------------------------------------------------------------

Results from blood tests that were performed during the diagnosis of GDM in the study subjects were examined and are presented in [Table 6](#T6){ref-type="table"}. In the diagnostic test of GDM, the 100 g OGTT, fasting blood glucose levels (*P*\<0.001) and blood glucose levels after 1 hour (*P*\<0.001), 2 hours (*P*\<0.001), and 3 hours (*P*\<0.05) were significantly different among the three groups. There was also a significant difference in HbA1c among the three groups (*P*\<0.001). In addition, TC, HDL-C, and LDL-C decreased as the blood glucose levels increased, with a significant difference (*P*\<0.05). In contrast, TG had a tendency to be high in the DM group; however, this was not statistically significant. SBP and DBP were also significantly different among the groups (*P*\<0.05), while C-peptide and hs-CRP showed no statistical difference.

Comparison of blood test results after delivery
-----------------------------------------------

The results from the blood tests performed 6 to 12 weeks after delivery are shown in [Table 7](#T7){ref-type="table"}. Body weight, BMI, and body fat were statistically different among the groups (*P*\<0.05). As the blood glucose increased, HDL-C decreased significantly (*P*\<0.05), but TG (*P*\<0.05), SBP (*P*\<0.05), and DBP (*P*\<0.001) increased significantly. TC, LDL-C, hs-CRP, and C-peptide did not show a significant difference among the groups.

DISCUSSION
==========

The percentages of participants in the NGT group, the pre-diabetes group and the DM group were 52.5%, 39.3%, and 8.2%, respectively. However, this is different from the results reported by Jang et al. \[[@B20]\] who reported 23.2% IGT and 15.1% diabetes in an examination 6 weeks after delivery and those of Rivas et al. \[[@B21]\] who reported 18.8% diabetes, 15.38% IGT, and 11.97% IFG in an examination performed two to four months after delivery. However, since pre-diabetes has also abnormal glucose metabolism, a proportion near 50% has abnormal glucose metabolism at postpartum seen in all of these studies. In studies on the dietary habits of diabetes patients \[[@B22]\] compared to those of non-diabetes subjects, diabetic patients had poor eating habits such as more irregular meal intake, more frequent overeating and preference for salty and greasy foods. Even in studies on GDM patients \[[@B14]\], the scores for dietary habits are significantly lower and participants report improper dietary habits. However, differences based on the three groups were not observed in the dietary habits in this study; preferred foods were similar between the groups, because of limited period after delivery. So the gestational diabetes diet is thought to be maintained because patients have given birth very recently and persists due to lingering habits.

However, when compared to actual intake, as blood glucose increases, the consumption of animal fats increased significantly, and patients reporting consumption of foods high in animal fats and high in cholesterol may not be reflected their bad consumption habits.

In foreign papers studied the relationship between high cholesterol intake and GDM, 50 mg/1,000 kcal increase in cholesterol consumption \[[@B23]\] increases the risk of GDM by 88% and is thought to have a stronger correlation on GDM than other fats. Additionally, dietary cholesterol in diabetic patients is associated with CVD, and in particular, when more than one egg was consumed per day increases the risk of CVD unlike non-diabetic people \[[@B24]\]. Although dietary cholesterol in this study did not show a significant difference among groups, more than 50% of the patients in all groups consumed more than 300 mg over the recommended amount ([Table 5](#T5){ref-type="table"}). Although the body weight, BMI, and body fat among the three groups in this study were not statistically significant, after delivery, unlike the normal group, the blood cholesterol level did not decrease in the diabetes group. Therefore, it is thought that training is required regarding dietary cholesterol restrictions to prevent CVD in the high-risk diabetes group. Regarding this nutritional education, it is thought that more education on the specific criteria for limiting high fat foods and foods that are high in cholesterol is needed.

Regarding the consumption of lipids, unlike in Western countries, in South Korea, it is assumed that individuals do not generally consume fats in excessive amounts \[[@B22]\]. However, in this study, the consumption ratios of total fat and animal fat over the standard amount were significantly different among the three groups ([Table 5](#T5){ref-type="table"}), and dietary changes and the consumption of lipids have increased in this society. There are several different studies about total fat and animal fat intakes. Some of the studies reported consumption of fat increases the risk of diabetes \[[@B25]\], whereas others reported that there was no relationship between these measures \[[@B26]\], even when adjusted for BMI. Similar to results from Western studies, the consumption of animal fats and saturated fats are considered to be associated with the increase in risk factors of cardiovascular complications \[[@B12]\], suggesting that appropriate management of these factors is required.

Based on studies on the effects of carbohydrate restriction in meals during the management of GDM, the recommended carbohydrate:protein:fats ratio during education was 50:20:30 \[[@B15]\]. However, in contrast to techniques of the past, rather than focusing on exclusion of carbohydrates, it is deemed important to emphasize the reduction of high fat food consumption. In the high blood glucose group in the present study, it was common for more than 25% of calories consumed to be from fats. In addition, when the nutrient consumption ratios of the normal group after delivery were considered, the percentages were adjusted to 55% carbohydrates and 25% lipids. We felt that re-education would be helpful to prevent postpartum diabetes, and that another study on proper allocation of carbohydrates, proteins and lipids is required. Regarding protein and iron intake, it has been reported that animal protein, or processed meat consumption increases the risk of diabetes \[[@B26],[@B27]\] and animal iron intakes increase the risk of diabetes \[[@B28],[@B29]\]. However, in the present study, when iron from vegetable and animal proteins were analyzed and compared, there were no significant differences. However, compared to the NGT group, it can be seen that the consumption of animal proteins was higher in the pre-diabetes and DM group ([Table 3](#T3){ref-type="table"}). For people with diabetes, the recommended protein consumption is 15% to 20% of their total caloric intake \[[@B18]\]. In this study, all subjects consumed the recommended range of protein intake, and this is thought to be an effect of the nutritional education. There was no significant difference in the intake of folic acid among the three groups, and when compared to the proposed average folic acid requirement to breastfeed (450 µg from the 7th revision of the Korean dietary reference) \[[@B17]\], all three groups had been consuming less than the recommended amount. This is consistent with the nutritional intake survey from all adults with IFG \[[@B30]\]. There are many cases in which the nutritional status of folic acid worsens during breastfeeding, and given that diabetes patients have deficiencies of folic acid, this could increase the risk of developing atherosclerotic disease \[[@B30]\]. So after GDM patients give birth, the necessity to mention the need for folic acid in education has been noted. In mothers exhibiting high blood glucose, we feel that folic acid supplements should be considered.

Like in prior studies of women with GDM, increases in blood lipid levels and the risk of CVD \[[@B31],[@B32]\] can be observed. In this study, TG and high blood pressure were significantly higher in the pre-diabetes and DM group. As a result, it is thought that this information should also be included in pre- and postnatal dietary education.

This study has limitations that short period (6 to 12 weeks after delivery), the number of patients in the DM group was insufficient compared to those in the NGT group. Therefore, in order to recruit new patients for the DM group in future studies, an extended study is required. Despite these limitations, because lifestyles that include proper eating habits were not changed short-term, and GDM patients are at high risk for T2DM and CVD, meal management shortly after birth is considered to be the first step toward preventing from GDM developing into T2DM. Further studies on additional factors regarding eating habits and types of foods consumed at six months and one year after giving birth are needed. In addition, this study started immediately after women gave birth, so patients were separated based on whether they were breast-feeding or not. When the lactation period progresses, mixed breastfeeding often takes place; therefore, further studies regarding nutrients required for mixed breastfeeding women who had GDM are required.

In conclusion, the short window of this study was not sufficient to effect on the blood glucose level at 6 to 12 weeks after giving birth. However, considering long-term dieting does have an effect on diabetes patients and as mentioned earlier, when we consider the fact that eating habits cannot be corrected in such a short period of time, for women with GDM who are at risk for developing T2DM and CVD, the first step toward prevention is starting at delivery, diet management, particularly cholesterols from animal fats. And we feel strongly that a specific educational plan that can be easily understood by patients must be implemented.
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Clinical characteristics and life style of women with gestational diabetes according to postpartum glucose tolerance status
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Values are presented as median (interquartile range) or number (%).

NGT, normal glucose tolerance; DM, diabetes mellitus; BMI, body mass index.

^a^Average ranks to be significantly different at *P*\<0.05 by Kruskal-Wallis test, ^b^Proportions at *P*\<0.001 by chi-square test among the three groups.
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Eating habits of women with gestational diabetes according to postpartum glucose tolerance status
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Values are presented as number (%) or median (interquartile range).

There are no significantly different values for any parameter.

NGT, normal glucose tolerance; DM, diabetes mellitus.
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Daily nutrient intakes of women with gestational diabetes according to postpartum glucose tolerance status
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Values are presented as median (interquartile range).

NGT, normal glucose tolerance; DM, diabetes mellitus.

^a^Average ranks to be significantly different at *P*\<0.05 by Kruskal-Wallis test among the three groups.
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Recommended and actual intake ratios of protein, fat, and carbohydrates in women with gestational diabetes according to postpartum glucose tolerance status
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Values are presented as median (interquartile range).

NGT, normal glucose tolerance; DM, diabetes mellitus.

^a^Average ranks to be significantly different at *P*\<0.05 by Kruskal-Wallis test among the three groups.
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The proportion of each study group exceeding the recommended fat intake
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Values are presented as number (%).

^a^Proportions to be significantly different at *P*\<0.05 by chi-square test among the three groups.
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Antepartum metabolic characteristics of women with gestational diabetes according to postpartum glucose tolerance status
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Values are presented as median (interquartile range).

NGT, normal glucose tolerance; DM, diabetes mellitus; HbA1c, glycated hemoglobin; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglyceride; hs-CRP, high-sensitivity C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure.

^a^Average ranks to be significantly different at *P*\<0.001, ^b^Average ranks at *P*\<0.05 by Kruskal-Wallis test among the three groups.
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Metabolic characteristics of women with gestational diabetes at 6 to 12 weeks postpartum
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Values are presented as median (interquartile range).

NGT, normal glucose tolerance; DM, diabetes mellitus; BMI, body mass index; HbA1c, glycated hemoglobin; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglyceride; hs-CRP, high-sensitivity C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure.

^a^Average ranks to be significantly different at *P*\<0.05, ^b^Average ranks at *P*\<0.001 by Kruskal-Wallis test among the three groups.
